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Abstract. This paper explores a pedagogical approach to teaching construction 
students how to plan, execute and monitor an efficient collaborative information 
delivery plan from the perspective of managing scope of work, time, resources 
and communication. This study extends the work of similar studies that tasked 
students with developing BIM process maps to gauge any shift in the students’ 
perception on their ability to map the process. In this context, students in the fi-
nal year of an undergraduate construction management program participate in a 
team-based project to plan, execute, update and evaluate the efficiency of their 
collaborative information delivery plan. To plan this process, the students use 
references including both UK-based BIM Level 2 standards and US-based CIC 
BIM Project Execution Planning Guide. Through a semester-long sequence of 
modeling and planning activities, the students specifically aim to address the 
following learning objectives: (i) define and allocate project- and information 
delivery responsibilities; (ii) identify information workflows and respective 
tasks with estimated durations, and (iii) execute and update their plan to record 
actual tasks, durations and outcomes. Comparing the initial and executed plan 
would provide the students with the basis to reflect on the influence of formal 
planning guides on their understanding of efficient collaborative information 
management and delivery. In this aspect, the study contributes to the knowledge 
of how to pedagogically deploy industry-oriented process planning approaches 
for effectively teaching roles and responsibilities for engaging in interdiscipli-
nary teams.  
Keywords: problem-based learning, BIM, collaborative process, management. 
1 Introduction 
The construction industry in the UK, as well as globally, is currently pressed to im-
prove the efficiency of project delivery and generate value with a recent shift in em-
phasis on the structured data set at every project stage. The design and construction 
industry in the UK tendering for publicly procured work is currently faced with a 
government mandate to deliver projects compliant with building information model-
ing (BIM) standards, methods and protocols, published as a number of BIM docu-
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ments. Furthermore, the goal of the UK mandate and other similar global develop-
ments is to reduce the effects of uncertainty and offer guidance to increase the accura-
cy, completeness and usability of the generated information down the activity stream. 
In terms of teaching students how this mandate translates in practice, the challenge is 
the reality that these published standards and processes have been slow to adopt 
among other due to an overwhelming need to up-skill the existing workforce in how 
to properly apply them on the projects. This in turn presents educators with the chal-
lenge to adequately prepare the graduates with relevant knowledge and collaborative, 
problem-solving and teamwork skills [1, 2]. 
Though construction engineering and management students tend to master soft-
ware-related skills, strong communication and teamwork skills have been deemed 
essential to apply knowledge in practice [3–5]. At the same time, the increase in pro-
ject complexity necessitates more efficient construction processes and cost-effective 
management of available resources. Thus, the students are expected to develop skills 
to leverage their technical knowledge as part of an integrated design and construction 
team beyond the simple capability to use the software. It is this knowledge and epis-
temological development in students that is significantly more challenging to embed 
and assess using traditional approaches. To address some of the challenges, a growing 
body of research suggests that providing students with an experiential learning envi-
ronment advances problem-solving and decision-making skills. The development and 
adoption of BIM can be viewed as an opportunity to engage students in more practi-
cable problems and projects that allow the development and assessment of the inte-
grated process design skills that are much needed.   
2 Background 
2.1 Approaches to BIM process planning 
Broad body of literature discusses a range of building information modeling and man-
agement (BIM) aspects seen to offer solutions to ailing inefficiencies in how infor-
mation is authored, shared and used in design, construction and operations. A series 
of UK government funded reports produced between the 1970s and late 1990s (e.g. 
[6–8]) gave way to the government strategy [9], that defined BIM maturity levels with 
the mandate to use BIM (level 2) on all publicly procured projects starting in April 
2016. Though there is much debate on the reality of its implementation [10], the man-
date involves a number of required and voluntary measures in an effort to decrease 
industry fragmentation through a more structured approach to information exchange 
and project management. What BIM Level 2 in essence mandates is a file-based col-
laboration and library management within a centrally coordinated data environment. 
In this context, the implications for teaching BIM are found in a gradual shift from 
an emphasis on the digital model as a source of knowledge [11] towards “value creat-
ing collaboration” [12] and “collaborative way of working, underpinned by the digital 
technologies” [13]. While the claimed benefits of BIM approaches span across disci-
plines and scopes of implementation, from a collaboration standpoint, BIM is still 
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regarded as a facilitator of concurrent rather than sequential information workflows 
and more integrated tasks through a shared (3D) model [14]. This approach in turn, 
requires careful planning of information management and team coordination activi-
ties, typically documented in what is known as a BIM execution plan (also BEP). 
BIM execution plan documents client and stakeholders’ goals and requirements for 
the project, as well as standards, methods and procedures the teams adhere to for au-
thoring, sharing, coordinating and delivering requested information. In the UK a set of 
formal standards such as BS1192:2007 and specifications such as PAS1192 series 
prescribe the methods for structuring the common data environment (CDE). The pur-
pose of the CDE as a single source of information and the file naming convention is 
to prevent mistakes from duplication, incorrect file versioning, or use of information 
for purposes other than indicated. Through explicit file and task management strate-
gies the intent is to encourage the conversation among the team members early and 
continuously throughout the project. 
In the US similar objectives through a slightly different approach have been ad-
dressed in the BIM Project Execution Planning guide [15], which offers a structured 
procedure for planning the collaborative process and communication on a project. The 
guide has already been implemented in teaching undergraduate and postgraduate stu-
dents process-mapping activities and inter-disciplinary collaboration [16–18]. Still, 
approaches to teaching BIM remain as diverse as the topic itself. While a large num-
ber of studies have explored the necessary skills relative to the new computing tools 
as well as the dynamics of sharing files and collaborating, there has been little work to 
explore how learning related to integrated processes can best engage the students to 
advance their metacognitive and epistemological development. 
2.2 Pedagogy around teaching BIM-enabled collaboration 
The ability to identify a problem, evaluate options and make decisions in a collabora-
tive setting are all necessary skills for students in the construction and architectural 
engineering disciplines. The design and construction fields are dynamic and dominat-
ed by complex, ill-defined problems with many possible solutions. Planning a collab-
orative project delivery in a BIM context is a complex and interdependent process that 
typically includes a number of considerations such as the project context, scope, 
goals, information requirements, information exchanges, needed and available re-
sources, technologies and other contingencies for delivering the requested information 
on time. Planning how to do this process efficiently, as the BIM mandate implies, 
leaves little room for oversight and plenty of managerial issues for students lacking 
professional experience to absorb and apply. Studies have been tackling these types of 
pedagogical challenges by considering questions of soft skills such as leadership, 
interdependence, social communication and teamwork skills in both collocated and 
remote settings [19, 20] as well as supporting information technology needs.  
At the same time, rapid developments in BIM technologies and shifting focus in 
the BIM discourse have broadened the scope for educators to effectively tackle what 
needs to taught, when or how [14, 21]. However, the growing consensus to move 
beyond teaching technology decoupled from the practical interdisciplinary and col-
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laborative context emphasizes the need for self-directed learning and epistemological 
development in problem-based settings. Epistemological development, or epistemic 
cognition, relates to the ability to understand the nature of the problem and deciding 
what types of problem-solving strategies are appropriate [22]. This level of cognition 
builds upon the abilities associated with performing a task, and metacognition, which 
allows one to choose among cognitive strategies. Perry [23] describes this as a way a 
person makes sense of knowledge as they are challenged with meaning in both philo-
sophical and technical areas. As Salner [24] points out in her framing of systems 
thinking in epistemological development, few students move from multiplicity to 
contextual relativism. Salner further asserts that this development is associated with 
placing students in a position or environment that pressures them to generate their 
own syntheses and reflect upon their own cognitive patterns. This type of ‘pressure’ 
aligns with the common employment of project-based learning in construction man-
agement curricula.   
3 Method: Course overview and objectives 
Current employability rates of our graduates from the School of Construction Man-
agement and Engineering are in the upper ninetieth percentiles1 and this reflects the 
School’s ongoing strategy to identify and equip students with employable and neces-
sary skills while working closely with industry. Collaboration and communication 
skills are those always raised as worth improving and strengthening, which has incited 
current discussions about introducing project-based work as early as in the first year.  
To illustrate some of these pedagogical challenges, the authors describe their expe-
rience from a senior level undergraduate construction management and engineering 
elective course that introduces students to advanced concepts and topics on how digi-
tal technologies affect collaborative practices. The course applies the techniques of 
self-directed, research-driven and reflective learning experience through a problem-
based group project and a series of small practical assignments where students learn 
new software through online tutorials. Specifically, the goal of the module is to raise 
practical questions of how to work and collaborate with different disciplines when 
technology, information formats, exchanges and management issues start to bring 
tension into this practice. The course enrolled 25 students with background in quantity 
surveying, construction management, building surveying and mechanical engineering. 
The lecture-based approach caused challenges in the past when guest lecturers from 
industry and academia revealed often conflicting views of the existing practices and 
concept definitions. For students who are accustomed to well-structured problems, 
this can become challenging if there is no understanding of the reasons for differing 
views. Thus, specific learning objectives in the module were for the students to: 1) 
identify goals, tasks and methods for effective collaboration using existing guidelines, 
standards and specifications; 2) build collaborative and communication skills through 
student-to-student interactions for negotiating and allocating roles, responsibilities 




and milestones; 3) identify and use technologies deemed appropriate for respective 
tasks; and 4) evaluate and reflect on the applied strategies and team performance to 
draw relevant lessons about usability of BIM approaches and their understanding of 
effective collaboration needs.  
Educational research in engineering reports that ill-defined problems can be effec-
tively addressed through project-based or problem-based work [25]. Project-based or 
problem-based learning, are both similar in that they present students with an open-
ended or a “messy” real-world problem with no singular solution and which they try 
to solve by working in small groups, and subsequently reflecting on their experience 
[26, 27]. The project assignment asked student teams to deliver specific project in-
formation (well-defined product) by following their own developed BIM-compliant 
collaboration practice (ill-defined process) to manage time, tasks, roles and resources. 
Setting the scene. The students self-enrolled into 6 teams which were introduced to 
the semester-long course project. The project asked the students to plan, execute and 
evaluate their collaborative approach to producing a structured set of completed hos-
pital design project information. The teams received the initial set of exchange files in 
IFC and Revit format, which included architectural, structural, mechanical, plumbing, 
electrical, fire and sprinkler system models of a large hospital project, with one floor 
wing remaining to be completed. In order to get the students started planning their 
collaborative approach, the first three weeks introduced students to the UK and inter-
national BIM initiatives, published documents, standards and protocols. The first step 
for the student teams was to understand the goal of the mandate – eliminate waste and 
create near zero-defect information. The second part of the problem was challenging – 
how to actually plan this process, apply these documents and standards in a project, 
and how will the process work? Both the industry and students face the same chal-
lenge of delivering a project using a large number of published documents that pre-
dominantly outline what needs to be done, but not necessarily how. The complexity of 
this problem is that there is no single solution. Thus, students were expected to estab-
lish goals, review published documentation, prioritize it, understand tradeoffs, and 
negotiate the approach with other team members, ultimately documenting decisions in 
their BIM plan to produce a coordinated set of project information. Thus, solving the 
problem had to engage student teams in planning and executing the work by searching 
for resources, discussing the problem, allocating responsibilities and addressing any 
questions with the instructors through two planned “client-team” meetings. The teams 
were also given a general timeline for agreeing on the project roles and responsibili-
ties; familiarizing with the project information and its quality through initial clash 
detection; producing initial and updated plans to consult with the client, and final 
delivery.  
How students work. Planning for group work is always challenging due to known 
issues of possible uneven workload or otherwise specific group dynamics. Drawing 
upon previous research into group work [28–30] several strategies were employed as 
an attempt to improve the group experience. These included: 1) an option for students 
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to self-select given that in their final year they have fair knowledge of each other and 
thus can choose team members based on mutual expectations, work ethics and per-
formance goals; 2) suggest project roles to help plan the workload, but let the students 
negotiate the division of work and responsibilities based on their skills and other 
commitments as a way to exercise communication and negotiation skills; 3) have 
planned progress check meetings with each group and act as a mediator and facilita-
tor, and lastly, 4) use peer-evaluation to alleviate any discontent with members who 
do not contribute. The first meeting with the teams took place in week 4 to discuss 
their initial plan and address any questions, followed by the second progress meeting 
in week 8 to discuss their updated plan. During the progress check meetings, an in-
formal survey was distributed to all teams asking each team member to, among other 
state their level of confidence in understanding the type and amount of work required 
to do, as well as their ability to do the work and deliver it on time. This revealed a 
range of instances where some members did not read the assignment, or understood it 
differently, or had varying sense of ability to do it at that stage. As a result, in addition 
to the instructors’ feedback and steering, the set of questions prompted internal dis-
cussion among the team members. Still, at this stage the prevalent questions were 
quite general, indicating confusion and frustration over not knowing where to start 
and focused on clarifying the expectations of the assignment, as they seemed uncom-
fortable with the perceived latitude offered in how they approach it. Ultimately, while 
groups were tutored in the same way, there was a possibility that some groups moved 
in a different direction, but reaching equally informative results and conclusions. This 
became evident in week 8, in the second progress check meeting, where teams began 
to discuss specific approaches to how they were implementing the collaborative pro-
cess. The instructors primarily raised reflective questions (e.g. “Why did you decide 
to do it that way?”, “What information did you use in the process?” or “How did you 
agree on this procedure?”). In this manner, the objective was to help students arrive to 
answers by articulating the decisions they may have made as they were running into 
numerous practical problems (e.g. what file-sharing platform they need to exchange 
files, how to reference each other files without duplicating, or who is responsible for 
the file checking) and why they deemed certain options more viable than others. 
Assessing the learning. Project-based learning emphasizes self-directed learning 
supported by small group work [27]. The group work helps each of the team members 
to contribute in gathering information and discuss questions. The assessment in this 
course was structured around the collaborative considerations documented in the final 
BIM strategy report the teams presented at the last day of class, along with lessons 
learned subsequently captured in the individual reflective reports as a critical compo-
nent of the learning experience. The group report structure and formatting was open 
to team’s decision and the extent to which they considered existing guidelines and 
templates. Still, the report had to include the record of initial and any subsequently 
updated plans with tasks, milestones, deadlines, and responsible parties as a mini-
mum. The goal was to capture the evolution in the team’s approach to delivering the 
project and any change in the team’s definition of work scope and internal project 
targets.  
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Though formative feedback to stimulate team reflection has been integral part of 
the process throughout the term, the individual reflective report following the group 
work intended to help students articulate their collaborative experience and 
knowledge gained through identifying problems, discussing options, managing their 
own and other member’s input in exploring solutions and delivering information. The 
primary goal of a written reflective report is to encourage the transfer of learning to 
the workplace by analyzing and reflecting on the decisions made during the group 
work, evaluation of how well they worked and what they would do differently next 
time in the form of broader recommendations. This metacognitive approach is an 
extension of the guided reflection in experiential learning concepts [31, 32]. 
4  Findings and lessons learned 
Students’ confusion about the project deliverables and scope of work marked the 
initial stages of the group work, though towards the end, all teams met the learning 
objectives to (i) define and allocate project- and information delivery responsibilities; 
(ii) identify information workflows and respective tasks with estimated durations, and 
(iii) execute and update their plan to record actual tasks, durations and outcomes. The 
quality of the final group BIM plans was consistent, though the reflective accounts 
gave a wide range of valuable insights into the learning and decision making process, 
and the way students considered addressing the challenges should they repeat the 
process (Table 1).  
Table 1. Students’ reflection: considerations for effective collaboration. 
Skills needed Improvement strategies Challenges 
Time management Team’s workloads and schedule Guidelines complexity 
Accountability  Meeting strategy Technology issues 
Positive attitude Adequate task allocation Logistics 
Commitment  Task prioritization Enforcing team deadlines 
Technical confidence Task time estimates                         
Knowing own strengths Time allocation for brainstorming 
 
 
All teams initially defined discipline-specific roles based on systems knowledge, 
software skills and interests within the team. There was a learning curve until the 
teams understood their individual members’ skill levels before they began adjusting 
their model management. The initial plans showed tasks and roles that were mostly 
focused on model authoring, and general milestones broadly set to durations in weeks 
rather than deliverable or handover dates. It was a common point of discussion 
amongst teams in meetings that the roles and responsibilities often appeared vaguely 
defined.  For example, the responsibilities for managing information sharing were 
quite different where one group created a role specifically for this purpose, while 
another group identified this as a key area that no one was managing, but only after 
missing a deadline. Responsibilities for doing the clash detection, setting up the 
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common data environment, coordinating the team file exchanges and scheduling 
meetings were gradually recognized as the work progressed, after the discussions with 
the instructors and consulting the BIM standards and guidelines. 
Students also applied and adapted existing standards and guidelines in different 
ways, often creating a hybrid. They noted the straightforwardness of the US BIMex 
approach to defining goals, uses and priorities, while the UK’s BS1192 and PAS1192 
offered more specific guidelines for managing file exchanges through CDE and file 
naming. Some groups used a process modeling approach, others used Gantt charts to 
plan and communicate the process and handoffs, while others used tables that docu-
mented deliverables and deadlines. File naming structure though recognized as part of 
the mandate was inconsistently applied – some groups had an agreed file naming 
convention, but did not use it, while other groups started without one, but quickly 
realized the need for it when the number of files started to increase rapidly. 
Students generally appreciated the unexpected nature of the project that required 
skills to manage time that was often underestimated (“Time estimates were based on 
meeting the deadline, rather than actual amount of time needed to successfully carry 
them out”) or work scope that was unaccounted for. None of the teams considered the 
time and skills needed to produce IFC and COBie files even though they had no expe-
rience with either, which resulted in files that were missing data or misaligned. Man-
agement challenges were raised in the lack of specifically assigned responsibilities, 
which caused quality problems: “Updating the BEP, like many other tasks, was open 
to everybody, whoever had the chance to do so. Hence its mediocrity.” Communi-
cating and monitoring the team members’ work progress and lag resolution tended to 
be loosely structured, missing, or otherwise challenging. Some of the teams experi-
enced consistent delays because members were not sharing work by their internally 
set deadlines, but also did not communicate the reasons for delays and there were no 
mitigation strategies put in place. It was observed that developing and agreeing to a 
plan did not necessarily guarantee adhering to it. The necessity to hold members ac-
countable, motivated and engaged were identified as considerations for effective col-
laboration. Other students raised the need to more carefully consider each other’s 
skills, workloads and schedules and have more strategic, rather than ad hoc meetings 
to properly tackle problems that were deemed complex.  
5 Conclusions 
Overall, some of the students welcomed the opportunity to tackle the problem type 
this course project presented, which was also viewed as different from other projects 
they typically do. The expectation to master additional software skills become sec-
ondary to tangible challenges in managing expectations and work ethics among team 
members towards effective collaboration. The overall experience of this year’s mod-
ule is that it has in part successfully introduced and reinforced the iterative and com-
plex nature of the collaborative process planning and management. Initial and updated 
plans demonstrated a gradual increase in task considerations and timelines, though 
still leaving much room for added clarity and detail. At the same time, the limited 
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time of one term and the learning curve to internalize, apply and evaluate BIM strate-
gies poses challenges to effectively balance multifaceted nature of the collaborative 
project delivery. The course project focused on supporting and evaluating the learning 
process where students’ understanding of the possible reasons for the given outcomes 
is more informative than the final product. This problem-based approach carries 
broader implications to similar initiatives around teaching collaborative BIM. The 
process demonstrated the value and the need for formative feedback and careful 
coaching on the productive team discussions. Working with student groups is time-
intensive and thus effective for smaller enrollment, but the reality of larger classes 
will necessitate adequate approaches to problem-based learning. The assessment of 
problem-based learning warrants further investigation into more creative methods to 
both scaffold and assess the learning process.  This suggests focusing specifically on 
skills usually not part of a standard assessment, such as communication, work plan-
ning and collaborative team-work skills. 
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